These results indicate a complicated formation history of the Galaxy and we may see a hint of a three-section halo, i.e. the inner in situ halo within |Z| ∼ 8 − 10 kpc, the intermediately outer dual-mode halo at |Z| ∼ 10 − 30 kpc, and the extremely outer accreted halo with |Z| > 30 kpc.
INTRODUCTION
It is widely accepted that our Galaxy has undergone many merging and accretion events (e.g. Bullock & Johnston 2005) , and hydrodynamical simulations predict an inner halo (within 20 − 30 kpc) dominated by relatively metal-rich stars formed within the main Galactic progenitor and an outer halo dominated by metal-poor stars accreted from nearby satellite galaxies. (e.g. Abadi et al. 2006; Zolotov et al. 2009; McCarthy et al. 2012) . In this context, the inner halo fits in line with the scenario by Eggen, Lynden-Bell & Sandage (1962) that the Galaxy formed from monolithic collapse of an isolated protogalactic cloud, while the outer halo is constructed from many independent protogalactic fragments as proposed by Searle & Zinn (1978) .
Observationally, two distinct halo populations, the high-α halo and the low-α halo, in the solar neighborhood were detected by Nissen & Schuster (2010) based on very high-precision abundances and kinematics. Stars in the low-α halo have retrograde rotation velocities and their values are similar to ω Cen (Dinescu, Girard & van Altena 1999; Myeong et al. 2018 ). Thus they proposed that the low-α halo is formed from the accreted process of the Galaxy with nearby galaxies. With a large sample of stars within 4 kpc (which is beyond the solar neighborhood), Carollo et al. (2010) presented evidence for dual halos: one of metal-rich stars on mildly eccentric orbits and a second of metal-poor stars on more eccentric orbits. They classified the former as the inner in situ halo and the latter as the outer accreted halo. Recently, Hayes et al. (2018) confirmed the dual halos and they found that the low-[Mg/Fe] population has a large velocity dispersion with very little or no net rotation, while the high-[Mg/Fe] population shows a modest velocity dispersion around a sinusoidal variation. Interestingly, Helmi et al. (2018) made a kinematical selection of halo stars, i.e. total space velocities with respect to the LSR larger than 210 km/s , and detected a retrograde moving structure, the Gaia-Enceladus, in the Toomre diagram. They found that the majority of low-α stars within 5 kpc from the Sun are related with the accretion of this structure, which has heated up the (thick) disk, explaining perhaps the existence of high-α stars with halolike kinematics. Similarly, Haywood et al. (2018) analyzed the blue and red sequences in the Gaia HR diagram of high velocity stars in Babusiaux et al. (2018) and pointed out that the high-α stars suggested to belong to an in situ formed halo population may in fact be the low rotational velocity tail of the old Galactic disk heated by the last significant merger of a dwarf galaxy. It seems that the formation of the Galactic halo is more complicated than theoretical predictions.
Spatially, astronomers probe the transition between the inner and outer halos in connection with different origins of dual modes of the Galactic halo. Interestingly, the spatial density distribution of halo stars based on RR Lyrae stars is characterized by two power laws with a break radius R ∼ 45 kpc (Kellerr et al. 2008; Akhter et al. 2012) . Theoretically, Font et al. (2011) predicted that the slope of the mass density profile decreases at large galactic radii of R > 30 kpc. But many earlier works suggested the break radius within a range of 20 − 30 kpc. Based on a spectroscopic study on dwarf stars in the SDSS survey, Carollo et al. (2010) proposed an even smaller transition radius at R ∼ 15 − 30 kpc between the inner and outer halo. However, Fernandez-Alvar et al. (2015) found that median abundances of α elements for halo stars in the SDSS survey are fairly constant up to R ∼ 20 kpc, rapidly decrease between 20 and 40 kpc, and flatten out to significantly lower values at larger distances. In addition, Chen et al. (2014) adopted red giant stars as stellar tracers and suggested a transition at R ∼ 35 kpc based on the chemical and kinematical properties of halo stars. In combining these results, it may indicate two transition distances, at R ∼ 15-20 kpc and R ∼ 30-45 kpc in the Galactic halo.
Obviously, these transitions are inconclusive because it is extremely difficult to obtain highresolution spectra for stars located outside 30 kpc. We need further studies to understand the discrepancies of the transition between the in situ and the accreted halo by using more precise data and better stellar tracers. The current situation is that precise α abundances can only be available in a very limited distance region, e.g. within 1 kpc of the solar neighborhood, while for distant stars only low resolution spectra with a limited accuracy of [α/Fe] can be obtained for a large number of stars. It is important to have precise α abundances for stars in the outer region of the Galaxy in order to link the spatial transition of the Galactic halo and its origin via α abundance.
In this respect, the Apache Point Observatory Galactic Evolution Experiment (hereafter APOGEE) survey (Majewski et al. 2017; Gunn et al. 2006; Wilson et al. 2010) provides us with a good chance, because it aims to characterize the Milky Way Galaxy's formation and evolution through a precise, systematic, and large-scale kinematic and chemical study. In particular, it presents abundances for typical α elements, Mg, Si, Ca, and Ti, based on high-resolution infrared spectra. Moreover, the majority of targets are giants so that the outer region of the Galaxy (beyond 20 kpc) can be reached due to their high luminosities. In the present work, we investigate the properties of the low-α halo and the high-α halo beyond the solar neighborhood based on the APOGEE DR14 data. Specifically, we aim to compare the R and |Z| distributions between the two halo populations in order to know if low-α halo stars are dominating in the outer halo. Moreover, the comparison of the metallicity gradient between the low-α halo and the high-α halo is very important to understand their formation history. It has been suggested that there is no clear metallicity gradient for the accreted halo due to the merging processes of many dwarf galaxies, while the metallicity gradient could exist for the in situ inner halo formed dissipatively in the inner regions and/or by disk heated stars (McCarthy et al. 2012) . Finally, the behavior of the α abundance provides us with key information on classifying the accreted origin for stars in the outer halo, and thus it is interesting to investigate the α abundance gradient in terms of spatial location for halo stars.
THE SAMPLE SELECTION AND THE [M/H] VERSUS [α/Fe] DIAGRAM
As part of the Sloan Digital Sky Survey IV, the APOGEE DR14 (Abolfathi et al. 2018; Blanton et al. 2017 ) offers stellar parameters and elemental abundances for 19 chemical species determined by the APOGEE Stellar Parameters and Abundances pipeline (García et al. 2016) . The sample of stars, together with stellar parameters, α abundances, and stellar distances based on three methods, are taken from the APOGEE website 1 . The procedure of selecting the sample stars are as follows. Firstly, in order to avoid the contribution from the bulge, we exclude stars in the following two regions: (1) stars at l < 5 deg and |b| < 10 deg and (2) stars with 5 < l < 10 deg and |b| < 5 deg. Secondly, we select stars with consistent spectroscopic distances, i.e., the deviation in distance between the dist BP G50 (Santiago et al. 2016; Queiroz et al. 2018 ) and the dist N AOC (Wang et al. 2016 ) being less than 3 kpc. Note that the dist BP G50 distances were calculated using the measured spectroscopic parameters coupled with 2MASS photometry via a Bayesian analysis to obtain a probability distribution function of the distance for each star over a grid of PARSEC stellar evolutionary models (Bressan et al. 2012) . They are well consistent with Hipparcos parallaxes and the mean error in statistical distance is 20% according to Santiago et al. (2016) . Although Gaia DR2 (Brown et al. 2018) provides distances for most of the sample stars, we note that the relative error in parallax is good (within 20%) only for stars with d < 6 kpc, while for distant halo stars (e.g. d > 10 kpc) it becomes very large (about 50%). Thus, we adopt the photometric and spectroscopically based distances from Santiago et al. (2016) in order to have a consistent distance scale for the whole sample. We have checked that these distances have no systematical deviation with Gaia DR2 for common stars with relative error in parallax less than 10% in Gaia DR2. Thirdly, we exclude stars with R < 3 kpc to avoid bulge stars in a more strict way and |Z| < 0.5 kpc to avoid too many stars from the thin disk population. Here R = √ X 2 + Y 2 + Z 2 is the Galactocentric distance. We have checked that the results are the same if we adopt |Z| > 0.3 kpc or |Z| > 1.0 kpc (to replace the |Z| > 0.5 kpc criterion) or without the cut of R < 3 kpc in the analysis. With the main aim to probe the properties of the Galactic halo, it is expected that the two cuts in R and |Z| will not affect our result because stars at |Z| < 0.5 kpc are mainly the thin disk and stars at R < 3 kpc are mainly the bulge population (Bland-Hawthorn & Gerhard 2016); either population has little contribution to the halo. Finally, after applying a signal-to-noise cut of 50 on the APOGEE spectra and discarding stars with unreliable parameters warned by flags (ST AR BAD, T EF F BAD, LOGG BAD, MET ALS BAD, ALP HAF E BAD, CHI2 BAD), 61810 stars are left for further analysis.
The sample stars are giants covering the temperature range of 3600−5600 K, the logg range of 0−3.8 dex and the metallicity range of −2.6−+0. help of these lines, we can see that the two sequences mixed together at [M/H] < −1.6, which is classified as the metal-poor halo in this work.
HALO STARS WITH |Z| > 5 KPC AND THE [Mg/Fe] GRADIENT
In the literature, various methods, e.g. selecting nonrotating stars or high velocity stars, can be adopted to pick out halo stars. But the calculation of space velocity requires distance, radial velocity, and proper motions, which are not available for distant stars. With the need of stellar distance and stellar position, the calculation of |Z| is somewhat easier and thus it provides the simplest way to pick out halo stars. That is, we can select stars locating at high |Z|, beyond the reach of the disk. Since the scale height of the thick disk is in the range of 0.5 − 1.0 kpc (Bland-Hawthorn & Gerhard 2016) , the main population at |Z| = 1 − 3 kpc is the thick disk. In view of this, it has been suggested that stars at |Z| > 4 kpc belong to the halo according to Xue et al. (2008) . In this work, we adopt a more strict one, i.e. stars with |Z| > 5 kpc being the halo sample.
The halo sample is divided into five groups in a |Z| interval of 5 kpc within 20 kpc and of 10 kpc or larger beyond 20 kpc (in order to include enough stars for statistics), i.e. 5 < |Z| < 10 kpc, 10 < |Z| < 15 kpc, 15 < |Z| < 20 kpc, 20 < Inspired by this, we suspect that there might be a vertical gradient in the [Mg/Fe] ratio for the halo at |Z| > 10 kpc. Fig. 4 shows the |Z| and R versus [Mg/Fe] diagrams for all stars at 10 < |Z| < 60 kpc and for three separate metallicity ranges, −1.1 < [M/H] < −0.7, −1.6 < [M/H] < −1.1, and −2.6 < [M/H] < −1.6. The reasons for the metallicity divisions at −0.7 and −1.1 will be given in the next section; they correspond to the transitions between the halo and the disk for the low-[Mg/Fe] and high-[Mg/Fe] sequences. Meanwhile, as described in Sect. 2, the two sequences start to mix together at [M/H] ∼ −1.6 and thus this is chosen as the start of the metal-poor population in the present work. In Fig. 4 , the average [Mg/Fe] at given |Z| and R intervals are indicated by open red squares and single linear fits to them for the whole |Z| or R ranges are shown by blue dash lines. However, the single linear regression is not a good solution for all stars at |Z| > 10 kpc and for stars in the metallicity range of −1.1 < [M/H] < −0.7. Moreover, it seems that there is a flat trend of [Mg/Fe] versus |Z| and R at distances larger than 30 kpc for all the three metallicity ranges. Although single linear regression might give a reasonable fit to the data for the metallicity ranges of −1.6 < [M/H] < −1.1 and −2.6 < [M/H] < −1.6, we note that a significant number of stars at |Z| < 30 kpc have [Mg/Fe] ∼ 0.0 and they deviate significantly from the single linear regression. Instead, they seem to follow the flat trends of stars at distances larger than 30 kpc as an extension into smaller distances of 10-30 kpc.
In view of this, we perform a segment test to the data based on the f it.seg method in R-software by taking into account the errors. We find a break at |Z| = 31 kpc for all stars and stars with −1.1 < [M/H] < −0.7, i.e. at |Z| ∼ 30 kpc in view of the large error at this distance. Then the data are divided into two segments, |Z| = 10 − 30 kpc and |Z| = 30 − 60 kpc, and two linear regressions are fitted separately. For stars with −2.6 < [M/H] < −1.6, the regressions are performed for |Z| < 30 kpc, beyond which only a few stars are present and/or the coverage of |Z| is too narrow to fit. Clearly, in the metallicity range of −1. Furthermore, the amplitude of the sinusoidal function in each bin also varys with metallicity for both high-[Mg/Fe] and low-[Mg/Fe] sequences, which is consistent with the fact that the disk is kinematically hot and the halo kinematically cold. Quantitatively, the amplitude in the sinusoidal function, calculated to be the mean V los for stars at the l ∼ 85 deg bin, decreases from 82 to 45 km/s between the two adjacent metallicity bins around [M/H] ∼ −1.1 in the high-[Mg/Fe] sequence, and a big drop from 120.6 to 28.5 km/s between the two adjacent metallicity bins at [M/H] ∼ −0.7 is found in the low-[Mg/Fe] sequence. Meanwhile, the dispersion around the mean V los as a function of l vary significantly with metallicity. As shown in Fig. 6 , they start to become large at the transition metallicity ranges of −1.3 < [M/H] < −1.1 for the high-[Mg/Fe] sequence and of −0.9 < [M/H] < −0.7 for the low-[Mg/Fe] sequence, generally following in line with the two metallicity divisions via the l versus V los diagram. These variations in amplitude and dispersion of V los provide further support for the separation between the disk and the halo by using this method. In this analysis, we include stars with |Z| > 5 kpc although this technique usually works for stars not too far from the Galactic plane. And we have checked that the transition metallicities are exactly the same if we limit our sample of stars at 0.5 < |Z| < 5 kpc only. Finally, we notice that the two metallicity divisions are consistent with the results in the literature. For the low-α sequence, Hawkins et al. (2015) suggested that the low metallicity end of the thin disk is at [M/H] ∼ −0.7, below which it belongs to the accreted halo, and the metallicity division at Fig. 9 shows no slope in the [M/H] versus |Z| diagram for the whole 0 < |Z| < 20 kpc range, but there is a hint of a possible gradient for 0 < |Z| < 8 kpc. In this comparison, we use |Z|, rather than R, in order to reduce the contribution from the Galactic disk. We note that the Galactic disk is mainly limited within |Z| < 5 kpc, while the Galactocentric distances (R) of disk stars beyond solar circle (at 8 kpc) could reach farther than 15 kpc (Bland-Hawthorn & Gerhard 2016) . Thus, the metallicity gradient of the Galactic halo, if existed, would be clearer in the vertical |Z| direction than the Galactocentric distances R. Based on these results, we may suggest a three-section halo with different chemical properties: the inner in situ halo at |Z| < 8−10 kpc with high-[Mg/Fe] and a metallicity gradient, the intermediately outer halo at 10 < |Z| < 30 kpc without metallicity gradient but with dual-mode [Mg/Fe] gradient, and the extremely outer accreted halo with |Z| > 30 kpc without both metallicity and [Mg/Fe] gradients. This suggestion is consistent with the transition of the dual-mode halo at R ∼ 15 − 20 kpc and the radius break at R ∼ 30 − 45 kpc in the spatial density distribution of halo stars as already described in the Introduction of the present work. We emphasize that the selection effect of the APOGEE survey is not considered in the present paper. But we note that Nandakumar et al. (2017) found a negligible selection function effect on the metallicity distribution function and the vertical metallicity gradients for the APOGEE survey. In view of this, we expect that our derived [Mg/Fe] and metallicity gradients may not be affected by the selection effect. Further investigations on more precise observations and theoretical simulations are desirable to discover the formation of the Galaxy. In particular, the star number at the distant region of the Galaxy is too small presently and we need a deeper spectroscopic survey in the future. Meanwhile, the improvement on the distance scale for distant stars is desirable to ensure that they have precision as good as that of nearby stars. Future Thirty Meter Telescope equipped with high-resolution spectrographs in both near infrared and optical bands is awaiting an opportunity to explore a high-precision chemical map of the extremely outer halo of the Galaxy.
